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SUMMARY 
Lateral wedge insoles reduce the peak knee adduction moment 
(KAM), a measure which has been associated with a reduced 
risk of knee osteoarthritis (OA) progression. However, the 
mechanisms by which such insoles have this load reducing 
effect have not been fully described. This study assessed 
changes in lower limb frontal plane biomechanics associated 
with lateral wedges. 
Seventy three participants with knee osteoarthritis underwent 
3D gait analysis with / without 5 deg lateral wedges in their 
shoes. Wedges significantly reduced peak KAM and KAM 
impulse by 5.8% and 6.3%, respectively. Reductions in peak 
KAM were significantly correlated with more lateral centre of 
pressure (r=0.25), less dynamic knee varus (r = 0.25-0.38), 
less hip adduction (r=0.24), a more vertical frontal plane GRF 
(ground reaction force) vector (r=0.67), and reduced knee-
GRF frontal plane lever arm (r=0.69) (Figure 1). However 
only the latter was significantly predictive of KAM change in 
stepwise regression analysis (R2 = 0.461, p<0.001). 
While lateral wedges reduce peak KAM in most OA patients, 
some patients do not show this reduction. A greater 
understanding of lateral wedge KAM reduction mechanisms 
from this study will aid future evaluation of patient lower limb 
characteristics that may mediate positive or negative lateral 
wedge effects. 
 
INTRODUCTION 
Progression of knee osteoarthritis (OA) has been related to the 
external knee adduction moment (KAM) [1]. As there is no 
cure for OA, with knee replacement as the only option for 
end-stage disease, efforts have been focused on identifying 
conservative treatments that can slow the course of the 
disease. Amongst these treatments are modifications to shoes, 
in particular lateral wedge insoles. 
 
While most patients show a beneficial reduction in the KAM 
with such wedges [2-8], not all do so [3, 5, 9]. The reasons for 
this are not clear. This is partly due to the lack of a full 
understanding of the mechanisms by which such insoles have 
this load reducing effect. It is likely that lateral wedges induce 
changes across several joints. However the major kinematic 
and/or kinetic changes responsible for changing the KAM are 
not known. Therefore, this study aimed to identify the 
mechanisms responsible for changes in joint loading with 
lateral wedge insoles. 
 

METHODS 
Seventy three people aged over 50 years with medial 
compartment knee OA participated in this study. Participants 
underwent 3D gait analysis with/without 5 degree lateral 
wedge insoles in both shoes. Lower limb kinematics and 
kinetics were measured with an 8-camera Vicon motion 
analysis system (Oxford, UK) and two force plates (AMTI, 
Watertown, MA). Net external joint moments were calculated 
via inverse dynamics (Vicon Plug-In-Gait v1.9) and 
normalised for body weight times height. A custom-written 
Body Builder program (Vicon, Oxford, UK) was used to 
calculate variables related to the frontal plane biomechanics of 
the foot, knee and hip that were thought to be related to 
possible mechanisms of KAM alteration (Table 1). The effects 
of lateral wedge insoles on biomechanical variables were 
evaluated using paired t tests. For those variables that were 
significantly different with lateral wedges, relationships 
between change scores were evaluated using Pearson 
correlation coefficients. Those demonstrating a significant 
univariate correlation were then subjected to stepwise 
regression analyses, with change in peak knee adduction 
moment as the dependent variable. 
 
RESULTS AND DISCUSSION 
Lateral wedges significantly reduced peak KAM and KAM 
impulse by 5.8% and 6.3% respectively (Table 1). Reductions 
in peak KAM were significantly correlated with more lateral 
centre of pressure (r=0.25), less dynamic knee varus 
malalignment (r = 0.25-0.38), less hip adduction (r=0.24), a 
more vertical frontal plane GRF vector (r=0.67), and reduced 
knee-GRF frontal plane lever arm (r=0.69) (Figure 1). 
However only the latter was significantly predictive of KAM 
change in stepwise regression analysis (R2 = 0.461, p<0.001). 
 
This study is consistent with our previous work and that of 
others showing that lateral wedge insoles significantly reduce 
the peak knee adduction moment in people with knee OA [2-
8]. It extends previous work, with findings of a broader range 
of lower limb biomechanical changes in a larger patient group 
[5,9,10]. Summarizing and integrating the kinematic and 
kinetic changes observed with lateral wedges from the ground 
up the which mediate KAM change (Figure 1), lateral wedges 
resulted in a lateral shift in the centre of pressure at the foot 
(which in turn would be expected to lead to an increased 
external ankle eversion moment). This shifted the frontal plane 
GRF vector closer to the knee joint centre in the frontal plane. 



Together with the more vertically oriented GRF that we 
observed, both served to shorten the knee-to-GRF lever arm. 
Accordingly, a reduction in the peak KAM was observed 
(despite no change in the frontal plane GRF magnitude at that 
point in time). Although a reduction in the dynamic varus 
alignment of the knee was also seen, the unchanged tibial 
frontal plane angle suggests that this reduced varus results 
from a proximal adaptation, which was in fact observed in the 
more vertically aligned femur. 

 
Figure 1: Mechanisms of peak knee adduction moment 
(KAM) reduction by lateral wedged insoles 
 

CONCLUSION 
In conclusion, we demonstrated a significant reduction in peak 
knee adduction moment and knee adduction angular impulse 
with lateral wedges, due primarily to a reduction in knee-to-
GRF lever arm. It appears that this reduction is required for 
lateral wedges to be effective in reducing medial knee load, 
and this in turn requires changes at the foot, knee, and hip. 
This enhanced understanding of the mechanical mechanisms 
underlying the effect of lateral wedges will aid future research 
into which patient sub-groups are most likely to respond to 
treatment with lateral wedges.  
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Table 1: Changes in KAM and biomechanical variables with lateral wedges 
No Wedges Wedges %  p Correlation  
Mean (SD) Mean (SD) Change value KAM change

Peak knee adduction moment (KAM) (Nm/BW.HT%) 3.82 (0.78) 3.60 (0.75) -5.8% <0.001
Knee adduction angular impulse (Nm.s/BW.HT%) 1.26 (0.37) 1.18 (0.38) -6.3% <0.001 0.42** 
Lateral centre of pressure offset† (mm from foot midline) 5.6 (4.3) 9.1 (4.6) 60.7% <0.001 0.25* 
Foot progression angle (deg) -6.06 (5.56) -7.78 (5.78) -28.4% <0.001 -0.08 
Base of support (mm) 89.0 (24.8) 93.5 (26.3) 5.1% 0.024 0.01 
Knee varus-valgus Cardan angle† (deg) 2.11 (4.94) 1.63 (4.94) -22.7% <0.001 0.38** 
Hip-knee-ankle angle (frontal)† (deg) 1.91 (4.59) 1.47 (4.58) -23.6% <0.001 0.25* 
Knee-GRF lever arm† (mm) 53.14 (11.89) 50.20 (12.03) -5.5% <0.001 0.69** 
Femur angle (frontal)† (deg) -3.54 (3.35) -3.97 (3.41) -12.1% <0.001 -0.02 
Tibia angle (frontal)† (deg) 5.45 (2.19) 5.44 (2.16) -0.4% 0.85  
Peak hip adduction (deg) 6.37 (4.35) 6.81 (4.16) 6.9% <0.001 0.24* 
Total hip adduction excursion (deg) 30.17 (11.12) 32.27 (13.67) 7.0% 0.11  
Peak hip adduction moment (Nm/BW.HT%) 6.02 (1.25) 6.07 (1.16) 0.8% 0.27  
GRF angle† (deg) 6.19 (1.45) 5.79 (1.47) -6.5% <0.001 0.67** 
GRF magnitude† (N) 840.5 (174.5) 837.0 (174.7) -0.4% 0.34  
†At time of peak knee adduction moment; *p<0.05; **p<0.01; 


